ABSTRACT
fracture site. [7] [8] [9] [10] Enhanced fracture healing beneath muscle is not attributed to its greater vascularity; physical contact of muscle tissue against bone is not a prerequisite for bone healing, as soluble factors are responsible for osteogenic effects. [11] [12] [13] [14] The healing process in closed fractures is attributed to the fracture configuration rather than to the soft-tissue dissection. [11] [12] [13] [14] This study compared tibial fracture healing in rats with or without soft-tissue attachment.
Materials and Methods
This study conformed to the Norwegian Council of Animal Research Code. Based on power analysis, 4 a minimum of 8 rats were needed in each group to observe any clinically important difference (a 10% difference) between groups (α=0.05, ß=0.80, one-way ANOVA).
The left tibias of 30 male, 3-month-old Wistar rats (weighing about 350 g) were osteotomised and equally randomised into 3 groups. In the avascular segmental fracture group, an 8-mm bone segment were first removed and then immediately put back. In the vascular segmental fracture group, the 8-mm bone segment was not displaced, with periosteal and muscular attachments. In the simple fracture group, a simple fracture in the middle tibia was made. All tibias were then stabilised with an intramedullary nail (0.8 mm steel cannula) inserted through the patellar tendon, and the wound was closed with sutures.
Postoperatively, the rats received Temgesic 0.2 mg subcutaneously twice a day for the first 2 days. The rats resumed full weightbearing after a few days. There was no fixation failure. After 8 weeks, the rats were euthanised, and all left tibias and 9 of the intact right tibias were harvested. Weight gain between groups did not differ significantly.
After radiographic examination of the tibias, the intramedullary nails were removed, and bone mineral content and density of the calluses were determined using dual energy X-ray absorptiometry scanning.
Both ends of the tibias were fixed with a clamp and loaded at a constant rate until failure. The load deformation curve of each tibia was analysed. The maximum torsional strength, rigidity, and energy to failure were measured. The 3 groups were compared using analysis of variance followed by least square difference post hoc test when appropriate. A p value of <0.05 was considered statistically significant.
results
All tibias healed (callus formation), without malunion or pin migration ( Fig.) . The 3 groups did not differ significantly in terms of maximum torsional strength, rigidity, energy to failure, bone mineral content, and bone mineral density (Table) . The mean torsional strength of the 9 intact tibias was significantly higher than the healed tibias (14.9 vs. 10.6 Nmm, p=0.021).
discussion
Osteoprogenitor cells have been reported to be closely associated with the bone surface or marrow. 15, 16 Repair tissues arising from the fibroblast cells can become osteogenic if an appropriate environmental stimulus is given. 17 It remains unknown whether periosteal detachment significantly impairs the healing of segmental fractures. In our study, direct contact of soft tissues to bone fragments did not significantly improve bone healing biomechanically. This suggests that soluble factors contribute to osteogenesis. [11] [12] [13] [14] In our experiments, soft tissues were not damaged. However, in clinical settings, fractures of long bones are usually complicated with soft-tissue damage and have increased morbidity. 18, 19 Preserving soft-tissue attachment to the fracture fragment is considered critical to successful healing. Bone healing is a complicated process, with multiple variables affecting rate, pattern, and completeness, with stability being a prerequisite for optimum healing. 20 The surrounding soft-tissue condition, the size of the middle segment, and the biological conditions are variable factors. In our study, vascular conditions were not assessed, as regaining biomechanical strength is the main goal in fracture treatment.
In rats, the cortical bones do not demonstrate Haversian bone remodelling. Nonetheless, rats and humans have the same pattern of endochondral and intramembranous ossification, and the same basic regenerative processes for fracture healing. [21] [22] [23] [24] When bone fragments are retained with no critical size defect, the risk of non-union is low, but this is not the usual case in human fractures. Thus, the results of this rat model cannot be applied to clinical practice and should be used with caution.
Intramedullary nailing is the treatment of choice for this injury. [25] [26] [27] [28] Tibial fractures are usually accompanied with fibular fractures, which are compensated for by interlocking of the nail. In our study, the fibulas were left intact for rotation stability, and the healing bones were subjected to in vivo mechanical stress. Flexible fixation enables some motion at the fracture site for secondary bone healing, with development of bridging periosteal callus until cortical healing. In older rats, the effect of age on bone healing may have influenced the results. The remodelling process is a balance of hard callus resorption by the osteoclasts and lamellar bone deposition by the osteoblasts. The process is about 3 to 4 weeks and may be shorter in younger animals. Testing in torsion can determine the weakest point of the bone. Bone strength in torsion at 60 days was about 70% of that of intact bone. Bone healing in our rats had not reached full mechanical competence when tested.
Bone healing and biomechanical strength is poorer in avascular than vascularised autografts. 29, 30 Bone healing is impaired after periosteal stripping of multilevel fractures of the tibial shaft in rabbits. 31 Other studies report no significant difference between the healing of vascularised and non-vascularised bone grafts in cats. 32, 33 Histology at 8 weeks after grafting of a non-vascularised graft showed normal osteocyte density with signs of revascularisation and remodelling; the grafts were well-integrated, with a continuous bridge of hard tissue between the implant and the cortical bone of the host. 34 Direct contact of soft tissues to bone is not a prerequisite for osteogenesis, which may be achieved by soluble factors. [11] [12] [13] [14] It is unclear whether vascularity is essential for osseous integration of reinserted cortical lids. Opening a window along the long axis of long bones offers advantages for revision of the stem in a failed total hip arthroplasty. Vascular supply of the cortical lid is essential for osseous integration. 35 However, in our study, healing of the cortical vascular and avascular segments was comparable biomechanically. Even the continuity of the soft tissues around a cortical lid was disrupted, the lids still healed with the same competence as vascular lids.
conclusion
Soft-tissue detachment from bone segments did not impair bone healing in rats.
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